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泵耐药性和非泵耐药性（pump and non-pump resistance）。其中非泵耐药性的主要
机理是激活细胞内抗凋亡蛋白防御系统，主要是由 BCL-2 蛋白介导。而核受体
Nur77 蛋白能够逆转 BCL-2 蛋白由抗凋亡蛋白变成促凋亡蛋白。基于此，本论文
用以肿瘤靶向纳米载体 β-NC-OEI-SS-FA 为基础的改造过的星型阳离子衍生物
β-NC-OEI 通过共轭二硫双键接上靶向基团叶酸（FA），共载化疗药物紫杉醇和

























The resistance of tumor cells to anticancer agents remains a major cause of 
treatment failure in cancer patients. In order to overcome the multi-drug resistance 
strategy, nano-carrier-mediated drug administration is considered to provide a novel 
innovative ideas, promising to become a substitute for traditional chemotherapy agents. 
Supramolecular cyclodextrin (CD)-based drug carriers may be a versatile approach for 
materializing these aims due to its unique supramolecular structure, good 
biocompatibility and molecular recognition of self-assembly ability. Based on this, the 
first part of this paper is based on the pre-experimental synthesis of β-CD-OEI, and 
modified targeting ability of the nanocarrier (NC) to self-assemble into a multi-
functional drug / gene delivery system (-NC@Nano-polyplex). The delivery system 
can be paclitaxel embedded in the hydrophobic cavity, changing the water solubility of 
paclitaxel itself, enhancing the practical value of paclitaxel, and more importantly, the 
unique nature of the positive charge makes the gene well attached to the branched OEI. 
The reporter gene results show high load efficiency. In second part, we make use of the 
modified-nanocarrier to co-deliver chemotherapeutic drug and functional gene for 
overcoming tumor resistance by an “enemy to friend” strategy for potential drug 
resistant cancer therapy. Chemotherapy produces multidrug resistance, which divided 
into pump resistance and non-pump resistance. The main mechanism of non-pump 
resistance is to activate the intracellular anti-apoptotic protein defense system, mainly 
mediated by BCL-2 protein. While the nuclear receptor Nur77 protein can reverse the 
BCL-2 protein from the anti-apoptotic protein into pro-apoptotic protein. Based on 
these, the modified star-shaped cationic derivative β-NC-OEI (β-NC-OEI-SS-FA) was 
conjugated to the target group Folic acid (FA), co-deliver chemotherapeutic paclitaxel 
and the Nur77 was effective in reversing the survival protein of BCL-2-mediated drug-
resistant cells, and more importantly by constructing a drug-resistant animal tumor 
model to verify the co-deliver drug and gene nanocomposite’s vivo function based on 
the effect of the system on anti-drug resistant tumors in living tissue. The results of the 
drug-resistant tumor model show that Nur77 gene can reverse BCL-2 from anti-
















medicinal anti-apoptotic protein activated-defense systems. So that chemotherapy 
drugs like paclitaxel can play its role in continuously treating the tumor, effectively 
inhibit tumor cell growth, and even reduce the tumor size. At the same time, this paper 
will provide new ideas and methods for exploring the effect of supramolecular 
selfassemble nano-carrier to co-deliver Nur77 gene and chemotherapeutic drugs. 







































β-CD (beta-cyclodextrin)                                        β-环糊精 
OEI (poly ethylene imine)                                   低聚乙烯亚胺 
FA (folic acid)                                                     叶酸 
PTX (Paclitaxel)                                                 紫杉醇 
CDI (N, N'-Carbonyldiimidazole)                           N,N'-羰基二咪唑 
1H-NMR (1H- nuclear magnetic resonance spectroscopy)           核磁共振氢谱 
DMSO (Dimethyl sulfoxide）                                   二甲基亚砜 
THF (tetrahydrofuran）                                          四氢呋喃 
DCM (dichloromethan）                                         二氯甲烷 
DCC (Dicyclohexylcarbodiimide)                         二环己基碳二亚胺 
EtO2 (Ether)                                                       乙醚 
MDR (multi drug resistance)                                  多药物耐药性 
PBS (Phosphate Buffered Saline)                              磷酸盐缓冲液 
EDTA (Ethylene Diamine Tetraacetic Acid)                      乙二胺四乙酸 
MTT(methyl thiazolyl tetrazolium)                                   噻唑蓝                                    
DMAP (4-dimethylaminopyridine)                           4-二甲氨基吡啶 
EPR(Enhanced permeability and retention effect)        增强的渗透性和滞留效应 
TEM (Transmission Electron Microscopy )                          透射电镜 
Renilla                                                       海肾质粒 
PCR (polymerase chain reaction)                                  分子克隆                                                


































肿瘤的耐药性主要分为两大类：原药耐药性(Primary Drug Resistance, PDR)和多






































MDR1 基因产物 P-糖蛋白和 MRP（多药耐药相关蛋白）。P-糖蛋白不仅保护由于
化疗诱导的凋亡的细胞，而且保护从其它半胱氨酸蛋白酶依赖的死亡刺激如
CD95L，TNF 和紫外线照射的细胞。P-糖蛋白，在生物体内由 MDR1 基因编码，
行驶 ATP 依赖隔膜泵的职能，从生物体内中的耐药细胞移除细胞毒性药物。
MDR1 基因的过表达和 P-糖蛋白本身就是泵耐药性的主要原因[7-11]。 
非泵耐药性主要体现为激活生物体内细胞的抗凋亡防御系统，而 BCL-2 家
族成员在这个抗凋亡防御系统中起着至关重要的作用。滤泡性 B 细胞淋巴瘤的
共同特征是染色体易位 t，其将 BCL-2 基因偶联至免疫球蛋白重链基因中心处，






















Epstein-Barr 病毒（EBV）和人类疱疹病毒 8（HHV8 卡波西肉瘤相关的疱疹病毒）








增加，这表明一些抗癌药物可能选择具有过表达的 MCL1 白血病细胞。 
不像药物流出泵蛋白，BCL-2 蛋白的过表达不会干扰药物进入肿瘤中和在肿
瘤组织中积累。相反，BCL-2 蛋白防止药物诱导损伤，即有效地翻译成细胞死亡。







了大量的关注，因为大多数癌细胞系对 TRAIL 敏感，而正常细胞对 TRAIL 是耐
药的。用 TRAIL 治疗有接种肿瘤的 SCID 小鼠，结果显示 TRAIL 可以抑制肿瘤
生长，并且没有不良反应。在体内和体外，化疗或放疗可以增强 TRAIL 诱导耐























成员，IAP 家族成员。其中将 BCL-2 反义寡核苷酸注射到带有肿瘤模型的荷瘤小
鼠中，数天观察显示 BCL-2 反义寡核苷酸可以明显减少，甚至抑制肿瘤生长，而
且在临床研究的初步结果显示似乎是有希望的。另一种抗凋亡BCL-2家族蛋白，
BCL-XL，也通过人细胞系中的反义方法下调 BCL-XL 的表达。此外，靶向 IAP
蛋白的存活蛋白可以提高带有肿瘤模型的老鼠肿瘤凋亡的敏感性。除了反义技术


















BCL-2 家族蛋白是进化上保守的凋亡调节剂，所有成员具有称为 BCL-2 同
源（BH）结构域的四个保守基序中的至少一个。抗细胞凋亡成员，如 BCL-2 和
BCL-XL，含有所有四个 BH 结构域。 一些促细胞凋亡成员，例如 Bax 和 Bak，
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